Methods

Study Patients
This single-center, prospective study included 75 consecutive patients with ACS and p-PCI (study group) and 15 consecutive patients with ACS but without p-PCI because of absence of ongoing ischemia (control group), excluding patients with prohibitions for MRI, out-of-hospital cardiac arrest or circulatory support such as intra-aortic counterpulsation or percutaneous cardiopulmonary support. The diagnosis of ACS was defined as typical chest oppression and ischemic changes on electrocardiograms. All participants were admitted to the Osaka Mishima Emergency and Critical Care Center between November, 2004 and December, 2005. The Human Research Committee of Osaka Mishima Emergency and Critical Care Center approved the study protocol.
Catheter Procedure
Four cardiologists randomly performed p-PCI immediately after admission. After oral administration of 162 mg of aspirin, the first 49 consecutive patients underwent p-PCI through the right or left femoral artery (lower limb) using a 7Fr guiding catheter (Launcher Medtronic Inc, Minneapolis, MN, USA) and the next 26 consecutive patients underwent the procedure through the right radial or brachial artery (upper limb) using a 6Fr guiding catheter (Launcher Medtronic Inc). Only the cobalt-chromium alloy, coronary DRIVER stent (Medtronic Inc, Minneapolis, MN, USA) was implanted according to operator discretion because of its nonferromagnetic properties. After a sheath was inserted, 3,000 U of unfractionated heparin was administered and another 5,000 U were added before the initiation of p-PCI.
MRI Assessment
All participants provided written informed consent to cranial MRI (ExcelART 1.5T, Toshiba, Japan), including FLAIR, DWI, T2*, and magnetic resonance angiography (MRA). The control and study groups underwent these procedures upon admission and within a mean of 3.0±1.0 days after PCI, respectively. One or more physicians attended the patients during MRI. Lesions that generated high intensity with a low apparent diffusion coefficient value on DWI were considered to be aAIS. 15 Patients in the study group were assigned to subgroups based on the presence or absence of aAIS. Cranial MRI images were interpreted by 2 strokologists who were unaware of the subgroup sequencing of the patients. The inter-and intra-observer reliability was excellent (kappa value ranging from 0.92 to 1.00) for detection of aAIS on cranial MRI.
Study Protocol
We initially compared the control and study groups for the incidence of aAIS and stenosis of 50% or more in the extracranial carotid artery on MRA, as well as the left ventricular ejection fraction (EF) using transthoracic echocardiography. Thereafter, we compared the following factors between the aAIS and non-aAIS groups: age, gender, coronary risk factors (smoking, hyperlipidemia, diabetes mellitus and hypertension), ≥50% stenosis in the extracranial carotid arteries on MRA, laboratory data on admission (mass creatine kinase isozyme MB (CKMB), total cholesterol, blood sugar and D-dimer values), maximum mass CKMB (measured over 3 h), with or without multivessel disease (≥75% stenosis on angiography, except for culprit vessel), mean blood arterial pressure on admission, with or without Killip II or more, EF on transthoracic echocardiography and days from admission to measurement of EF, culprit vessel (right coronary artery (RCA) or not), time taken to complete PCI (PCI time), activated coagulation time (ACT) after PCI, difference in approach to the coronary artery (lower limb or right upper limb) and the frequency of insertion into the coronary artery of devices such as balloons, stent balloons or aspiration devices, operator experience with using cardiac catheters (≥10 years or <10 years) with or without using aspiration devices. Moreover, the location (anterior or posterior cerebral circulation and left or right hemisphere) of the aAIS was also compared between the 2 approaches.
Statistical Analysis
The frequency and ratio (%) of categorical data were determined and we calculated the means and standard deviation of continuous variables. Continuous variables were compared between the 2 groups using the Mann-Whitney U test. Demographic variables for categorical data were compared using the chi-square or Fischer exact test where appropriate. Statistically significant factors were examined using multivariate logistic regression. A value of p<0.05 was considered significant. All statistics were calculated using commercially available statistical software (SPSS II for Windows, Version 11.0; Chicago, IL, USA). 
Results
Cranial MRI was completely and safely accomplished in all patients. None of the control patients had aAIS, whereas 26 in the study group had aAIS (0% vs 34.7%, p=0.017), although EF and the incidence of carotid stenosis were statistically equivalent in both groups (EF: 54±9.6% vs 57±8.6%, p=0.287; carotid stenosis: 17.3% vs 26.7%, p=0.623). None of the patients with aAIS had any clinical symptoms. All aAIS lesions were round in shape and their diameter was 10 mm or less on DWI (Fig 1) . The aAIS and non-aAIS groups finally comprised 26 and 49 patients, respectively. (Table 1) Age, incidence of smoking and hypertension significantly differed between the aAIS and non-aAIS groups, whereas gender, incidence of hyperlipidemia and diabetes mellitus, and prevalence of extracranial carotid artery stenosis did not.
Patient Characteristics
Laboratory Data on Admission (Table 2)
Plasma glucose levels significantly differed between the 2 groups but mass CKMB, total cholesterol and D-dimer values did not. (Table 3) The 2 groups differed significantly in Killip grade upon admission, but maximum mass CKMB values, presence or absence of multivessel disease, mean blood arterial pressure on admission and EF after admission did not. Days from admission to measuring of EF were also equivalent in both groups (aAIS vs non-aAIS: 2.9±2.3 vs 2.7±1.9 days, p=0.746).
Severity of ACS
Catheter Procedure (Table 4) The PCI time, RCA as the culprit vessel and the frequency of device insertion into the coronary artery significantly Table 4 .
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differed between the groups, but ACT after p-PCI and the effect of the approach, operator experience with cardiac catheter (catheter experience), and use of aspiration devices (aspiration device) did not. In addition, because we used a single guiding catheter in all cases, the frequency of changing the guiding catheter did not differ between the 2 groups.
Multivariate Analysis (Table 5 ) Age, incidence of hypertension and smoking, blood sugar level, Killip grade, RCA as culprit vessel, PCI time and the frequency of device insertion into the coronary artery were statistically re-evaluated using logistic regression. Only RCA as the culprit vessel and the frequency of device insertion into the coronary artery were indicated as independent factors related to the incidence of aAIS.
Difference Between Approaches in the Location of aAIS (Table 6)
Approaching from the lower or right upper limb resulted in 31 and 55 aAIS lesions, respectively. The location of the aAIS, such as anterior or posterior cerebral circulation and left or right hemisphere, was statistically equivalent for both approaches.
Discussion
Concept That Catheter Manipulation Induces aAIS
In the present study, aAIS after p-PCI in patients with ACS was frequently identified according to DWI. The size and shape of the lesion on the DWI suggested that embolic stroke was the cause of aAIS. An embolic source in ACS patients with p-PCI can be explained as follows: catheter complication, left ventricular thrombus and carotid arteryartery embolism. We found that ACS patients without p-PCI (control group) did not have aAIS lesions, although cardiac function represented by the EF was the same in both control and study groups. In addition, the severity of ACS, represented by maximum mass CKMB or the EF, and the D-dimer value, which can indicate thrombus, did not significantly differ between the aAIS and non-aAIS group. These data suggest that left ventricular thrombus was probably not the embolic source. Moreover, we also evaluated the relationship between aAIS and the prevalence of extracranial carotid artery stenosis, which can cause aAIS by arteryto-artery embolism in patients with coronary artery disease, as well as within the general Japanese in population. 21 However, the number of patients with extracranial carotid artery stenosis did not statistically differ between the aAIS and non-aAIS groups. We thus determined that in the present study catheter manipulation during p-PCI caused aAIS.
Timing of aAIS During p-PCI
Reports from studies using transesophageal ultrasound suggest that atheromas in the aortic arch constitute an embolic source in patients with ischemic stroke or transient ischemic attack, 11, 12 which suggests that approaching the coronary artery from the right upper limb is safer because the catheter avoids passing through the aortic arch.
However, we compared the occurrence of aAIS between the approach via the lower or right upper limb and found no difference. On the other hand, we found that the independent factors related to aAIS following p-PCI were RCA as the culprit vessel and the frequency of device insertion into the coronary artery. These results suggest that aAIS mainly occurs either while manipulating the catheter or device at the bottom of the ascending aorta, which scratches the aortic wall, 22 when pulling a thrombus through the coronary artery using devices, or when pushing air bubbles out of the guiding catheters while using devices or contrast medium, 9,10 but not while moving the catheter to the ascending aorta, as reported by Dawson et al. 13 The reason why the RCA lesion is significantly related to the incidence of aAIS is unknown. We suggest that 1 possibility is that the right coronary catheter must be rotated to engage the RCA and the likelihood of scratching the aorta is high as compared with the left coronary catheter, which will naturally seek the ostium of the left coronary artery. Kosmorsky et al showed in a study of 10 patients with symptomatic stroke that those who underwent left heart catheter examination via an approach from the right upper limb were susceptible to vertebrobasilar stroke. 14 However, we did not find any significant differences in the distribution of aAIS between the 2 approaches, which supports the notion that aAIS is mainly caused by manipulating catheters or devices at the bottom of the ascending aorta. In addition, there was no difference in the operator's experience of using cardiac catheters.
Comparison With Elective Catheter Procedure
BÜsing et al identified silent brain ischemia in 11% of patients undergoing elective coronary angiography and in 23% of those having elective PCI. 19 The incidence of aAIS in our study was likely to be higher than in that study. Moreover, Lecker et al revealed that 12 of 16 patients developed acute symptomatic stroke after emergency catheterization. 7 Thus, patients who undergo emergency catheterization for events such as ACS might be predisposed to embolism because of high coagulability. Another possible mechanism of the high frequency of aAIS in ACS patients is distal emboli of fragile plaque from the coronary ostial lesion, in particular when thrombus aspiration devices are used. However, we could not find a statistical difference between the aAIS and non-aAIS groups in the frequency of using thrombus aspiration devices. Further investigations are required in similar institutions to compare the incidence of aAIS after primary PCI with that after elective PCI.
Clinical Significance of aAIS
Interestingly, silent brain ischemia has been associated with dementia or depression. Fujikawa et al identified silent brain ischemia on MRI in 51.4% of patients with pre senile-onset, pre-senile depression, in 65.9% of those with pre senile-onset senile depression and in 93.7% of those with senile-onset depression. 23 In addition, Vermeer et al concluded from a mean 3.6-year follow-up of 1,015 participants that the presence of silent brain ischemia at baseline more than doubled the risk of dementia. 24 Although we cannot state that the silent brain ischemia detected in their studies is equivalent to the aAIS observed in our study, the relationship between aAIS after PCI and dementia or depression should be investigated.
Study Limitations
One limitation of the present study is that cranial MRI was not performed before p-PCI for ethical reasons. However, aAIS did not appear on preprocedural cranial MRI according to Omran et al, 18 BÜsing et al 19 and Restrepo et al, 20 as in our control group. Thus, it seems rare to incidentally find aAIS lesions with high intensity and a low apparent diffusion coefficient value on DWI. Hence, we assumed that aAIS did not exist before p-PCI in our study group. Another limitation is that this study was a single center trial comprised of relatively few patients and the number of those with aAIS was small. Therefore, the results of the present study should be interpreted with caution.
Conclusions
Cranial MRI imaging following emergency PCI revealed that 34.7% of the patients with ACS had aAIS that might be caused by manipulating either the catheter or devices in the ascending aorta, micro-air-bubble embolism during injection, or micro-thrombus embolism derived from the ACS lesions during the PCI procedure. Different approaches did not affect the location or incidence of aAIS.
